ABSTRACT: Field and laboratory experiments were performed on the sediments of an estuarine bay (Alfacs Bay, Spain, NW Mediterranean) to study the influence of sediment disturbances on phosphate dynamics. Massive release of soluble reactive phosphorus (SRP) from the sediment was found after 3 h of bell-jar lncubations in resuspension conditions. Suspension of sediment particles in laboratory experiments showed fluctuating behaviour characterized by quick alternation between SRP retrieval from and release to the water under low SRP concentrations, and an exponential SRP decrease under high SRP concentrations. Besides raising SRP decay rates, resuspension of particles had the net effect of increasing SRP concentrations in the water column. The phosphate dynamics in resuspension conditions is explained on the basis of 2-step sorption and P-buffer exchange mechanisms. These are dlscussed in the scope of the processes involved (biotic and abiotic SRP uptake), nitrogen and phosphorus budgets in Alfacs Bay, phosphorus availability, and the survival of phytoplankton populations. Furthermore, the role of sediments in periodic storage of nutrients coupled to hydrodynamic conditions is addressed.
INTRODUCTION
Accumulation of materials and restricted transport in the sedimentary environment of enhanced biological, physical and chemical processes modifies the composition of the water entrapped in the solid material, leading to the establishment of exchange mechanisms between this solution and its surroundings. Transport processes depend on whether or not sediments are disturbed.
Most available data on sediment-water nutrient fluxes concern exchanges through an undisturbed top sediment layer, and were largely obtained at standard levels of water motion, because of difficulties in reproducing environmental conditions. Nevertheless, sediment disturbances are a characteristic feature of shallow waters that can strongly influence the exchanges between the sediment and the water (Holdren & Armstrong 1980 , De Groot 1981 , Kelderman 1984 . The chief effect of these perturbations is the enhancement of solid-solution interactions, with great consequences for the behaviour of those chemicals, like phosphorus, that have a strong affinity for particles. Suspended sediments have long been known to influence concentrations of dissolved phosphorus. Dissolved phosphate concentrations in many estuaries are maintained within a narrow range by adsorption/desorption reactions involving particles (Pomeroy et al. 1965 , Butler & Tibbitts 1972 , van Bennekom et al. 1978 , Morris et al. 1981 , Sharp et al. 1982 , Fox et al. 1985 , 1986 , Froelich 1988 , Lebo 1991 . This 'buffering' effect was first suggested by Carritt & Goodgal (19541, and since then it has been examined extensively with respect to the kinetics, equilibrium and reversibility of the adsorption/desorption reactions (Barrow 1983 , Crosby et al. 1984 , Bolan et al. 1985 , Froelich 1988 , Fox 1989 , Brinkman 1993 , the sorption capacity of suspended sediments (Lijklema 1980 , Lucotte & d'Anglejan 1988 , Carman & Wulff 1989 , and the mineral phases involved (Chen et al. 1973 , Huang 1975 , Bowden et al. 1980 , Lijklema 1980 , Carpenter & Smith 1984 , Crosby et al. 1984 . These studies suggest that, in shallow water sediments, control of phosphate release by diffusion is likely to be less important than control by dynamic sorption, mineralogical exchanges or mixing processes (Krom & Berner 1980 , Holdren & Armstrong 1980 . In estuarine suspended and bottom sediments, particle-bound phosphorus has been found to be associated with organic matter and phases of iron, aluminum, and calcium (Upchurch et al. 1974 , Lucotte & dlAnglejan 1983 , Rehm 1985 , Strom & Biggs 1982 , Lebo 1991 .
The great capacity of sediment surfaces to adsorb phosphate has posed the question of the availability of phosphorus for algae and bacteria. Suspended sediments may release and/or sequester phosphate, so that the algae undergo greater nutrient limitation (Heath & Francko 1988) . In fact, the short-term effects of suspended sediment lead to effective competition among phytoplankton species and sediment particles for dissolved nutrients such as phosphate, and can also determine a change in the community structure and physiology (Avnimelech et al. 1982 , Cuker et al. 1990 , Burkholder 1992 . This paper studies Alfacs Bay (Spain, NW Mediterranean) sediments to assess the role of sediments as a source/sink for dissolved phosphate. Consequently, an attempt has been made to evaluate soluble reactive phosphorus (SRP) exchanges between sediments and water and to assess the effect of sediment disturbances on these exchanges.
Sediment disturbances are particularly notable in the shallow platforms of Alfacs Bay, through which freshwater comes into the Bay (on the northern platform). The proximity of nutrient-rich freshwater and sediments raises the question of the fate of these nutrients and suggests that sediments could have a key influence on nutrient concentrations in the water column. This applies especially to phosphorus, which shows lower concentrations in the water near discharge channels , Vidal 1991 and lower values of release from sediments relative to nitrogen (Vidal et al. 1989 , Vidal 1991 ). In addition, previous studies on sediment-water nutrient fluxes in Alfacs Bay point to resuspension as a determinant of phosphorus availability in the water column (Vidal et al. 1989) .
MATERIAL AND METHODS
Alfacs Bay is a shallow estuarine bay (3 m mean depth) at the south side of the Ebro River Delta complex, from which it receives freshwater from MarchApril to October-November, through discharge channels that flow out onto its northern platform (< 1.5 m in depth). Three stations were chosen: Stns 1 & 3 on the northern platform and Stn 5 on the northern cuvette, due to their distinctive sediment characteristics (Stn 1: sandy; Stn 3: sandy-muddy; Stn 5: muddy). Characteristics of the Bay and the sampling stations are described in more detail in , Prat et al. (1988) , Vidal (1991) , Vidal et al. (1992) .
Experiments were designed to study phosphorus behaviour under different degrees of water motion and sediment disturbance.
In situ experiments. Sediments at Stns l & 3 were incubated in the field on 4 and 5 June 1987 under dark bell-jars in a sequence of increasing water motion conditions. The incubation chamber has a 700 cm2 circular base and 7 1 volume (Fig. 1) . To avoid sediment resuspension, the bell-jar installation was done by carefully placing the incubation chamber over a ring with a 6 cm sharpened edge that had been previously introduced into the sediment. Water samples were taken at the start and at the end of each 3 h incubation period. An inner polyethylene bag was filled with outside water io conlpensate for changes in volume during the withdrawal of samples. The incubation procedure is described in more detail in Vidal et al. (1989) .
The water motion sequence was established by means of electrical water pumps working at different intensities. Six experimental conditions were considered: (1) no stirring; (2) minimal stirring, like the standard used in the seasonal sampling program (Vidal 1991) ; (3 & 4) moderate stirring without sediment resuspension; (5 & 6) vigorous stirring leading to sediment resuspension. Unfortunately, accurate calibration of the flow speeds inside the bell-jars was not possible, so that stirring intensities (1 to 6 ) will only provide a qualitative approach. Dissolved oxygen and ammonium and soluble reactive phosphorus (SRP) concentrations were analyzed using the Winkler and the standard colorirnetnc methods described in Grasshoff et al. (1983) .
Laboratory experiments. Laboratory experiments were performed on sediment samples taken from Stn 5 and occasionally from Stn 1 by carefully pushing down methacrylate cylinders (7 cm i.d., 40 cm long) into the sediment. Each sample consisted of 10 cm of sediment, the remainder of the cylinder being filled with water from the same location. Rubber stoppers prevented water displacement inside the cylinder. Samples were left in a refrigerator until the start of the experiments. Experiments were run in the dark, at constant temperature of about 18°C and under saturated oxygen atmosphere. Cylinders were replenished with filtered (Whatman 0.45 pm followed by Millipore 0.2 pm) seawater collected at each location, and left to reach equilibrium at the above-mentioned conditions 1 d before the start of the experiments.
Water motion in the sediment cylinders was attained through air bubbling inside a methacrylate tube (3 cm i.d.) hung on the top edge of the cylinder (Fig. 2) . Ascension of air bubbles along the inner tube induced circulation of the water. Both downward displacement of this tube and increased rate of bubbling enhanced water stirring to produce sediment resuspension.
Two series of laboratory experiments were undertaken: (A) non-P-added experiments, to study SRP behaviour at low SRP concentrations (0.1 to 0.3 pM) and (B) P-added experiments, to inquire into the fate of the phosphate transported by inflowing freshwater, in which the concentration of SRP was high (1 to 4 pM).
The experimental set-up for non-P-added and Padded experiments involved the incubation of: (1) sediment cylinders in conditions of gentle motion; (2) continuously resuspended sediment cylinders; and (3) suspensions of sediment particles in glass vessels filled with filtered seawater (Fig. 2) . Experimental controls on sediment-free cylinders and glass vessels showed that the incubation flask did not affect SRP concentrations in the water (e.g. by wall-related processes).
In each series (P-added and non-P-added), 2 core replicates were used for each experimental condition (gently stirred, resuspended corers and particle suspensions). Concentration of particles in the suspension replicates was identical, though it was different in the core replicates undergoing resuspension, leading in some cases to very different particle concentrations in the water. For this reason, 4 core replicates were included in the non-P-added resuspended experiments and particle concentrations increased, as a result of increased stirring, in one of them. Suspensions of fresh sediment particles (taken from a homogenized slice of 0 to 0.5 cm in depth) were kept on a moving plate during the incubations. Experiments were continued as long as significant concentration changes were detected, which ranged from a few hours to several days for the continuously resuspended, gently stirred cylinders and particle suspensions, respectively.
Phosphate solution (KH2P04) was used in P-added experiments to final concentrations of 3 to 4 PM, to reproduce maximum values found in freshwater discharge channels.
Water samples (15 ml) were taken periodically during the experiment with a plastic syringe provided with a tube, immediately filtered (through Millipore HAWP02500 filters) and cooled (4 "C). SRP concentrations were analyzed 1 to 4 h after sampling, by the standard procedure mentioned above. Particle concentration in solution was determined after the weighing of dry filters (105"C, 24 h).
Numerical transformation. Data on P-added experiments were used in 2 ways. (1) SRP decay rates ( k ) were computed from SRP concentrations against time plots using an exponential decay equation: SRPi = SRPo e-kt. From this equation, the half-life of SRP in the water was also calculated. (2) Solid-solution SRP exchanges were computed from consecutive SRP concentration changes versus elapsed time. From the linear regression of these exchange rates to the starting SRP concentration of each time interval, 2 parameters were considered: SRP exchange rates when SRP concentrations in the water was zero (SRPf l~~~~~=~ = intercept values), and SRP concentrations in the water that determined null exchange rates. The latter can be considered analogous to an equilibrium phosphate concentration (EPC, sensu Froelich 1988) , at which the rate of the forward reaction (SRP retrieval from the water) and the reverse reaction (SRP release to the water) are the same. What follows will be referred to as EPC values. All these parameters (k, half-life SRP, S R P -~~U X~~~,~
and EPC values) were computed from data of P-added gently, resuspended corers and particle suspensions. From the log-log plot of SRP solid-solution exchanges against time, the instantaneous SRP adsorption was also computed.
Data from non-P-added experiments obtained in resuspension conditions were used as follows: portions of data sets showing at least 3 successive decreasing values were selected, and exchange rates were calculated (as mentioned above) and related to the initial SRP concentrations. From this relationship S R P -~~U X~~~,~ and EPC were computed.
RESULTS
In situ experiments Fig. 3 shows the course of oxygen-uptake, ammonium and SRP release from the sediments following the increase in water stirring conditions. Gentle stirring (bell-jars 2 to 4) had slight (from 0 to 6 pmol m-2 h-', at Stn 3) or null (Stn 1, which always showed null or even negative fluxes) effects on sediment SRP release. To the contrary, sediment resuspension (belljars 5 & 6) greatly enhances SRP concentrations in the bell-jar water up to values of 0.4 to 0.5 p M (Stn 1) and 1.5 to 4 p M (Stn 3), equivalent to sediment SRP releases of 10 and 42 to 140 pm01 m-2 h-', respectively.
When comparing stagnant (bell-jar 1) and stirred conditions (bell-jar 2) large differences were found in oxygen-uptake and ammonium release. Subsequent increases in water stirring (bell-jars 3 & 4), without achieving resuspension, had minor effects on fluxes, except for sediment oxygen uptake at Stn 3, which showed progressive enhancement. Sediment resuspension (bell-jars 5 & 6) led to a second steep increase in flux.
Differences in the pattern of enhancement in oxygenuptake and ammonium release as stirring increases at station 3 led to changes in the 02:NH4+ ratios, from 20:l in non-stirred and gently stirred bell-jars, to 40:l in vigorous stirring bell-jars. At Stn 1, this ratio was always around 50:l. NH4':SRP ratios in fluxes at both stations fall from above 30:l in gentle stirring conditions to below 10:l in resuspension conditions.
Laboratory experiments
Non-P-added experiments pattern of tight SRP peaks and troughs was observed in most of the experiments. SRP rose to 0.7 pM following the initial increase in particle concentration (from 0.5 to 2 g dry wt l-l; Fig. 4a ). However, high SRP values lasted for a short time (minutes) and SRP quickly disappeared. SRP peaks and troughs were also noticeable following small changes in particle concentrations (from 1.5 to 2 g dry wt 1-'; Fig. 4b ). SRP shifts were less frequent at the end of the experiments, leading to final SRP concentrations of around 0.2 to 0.3 p M These values are greater than those observed in the gently stirred core (Fig. 4a) , in which SRP concentrations became undetectable.
Similar SRP changes to the above-mentioned were also observed in the 2 particle suspension experiments (Fig. 5 ).
P-added experiments
SRP decreased in all P-added experiments (gently stirred, resuspended corers and particle suspensions), soon after the addition of the phosphate solution (Fig. 6 ). Time course of residual SRP was exponential (see 'Material & methods: Numerical transformations') with different decay rates (p < 0.01) depending low compared to ammonium fluxes (Fig. 3) , in agreement with previous data (Vidal et al. 1989 ).
4 . pended, have a strong capacity to take-up SRP from the water (Fig. 6) . (5) SRP decay rates are enboth oxygen-uptake and ammonium release following hanced in resuspension conditions, as has been the change from stagnant to circulating water may be mentioned in other studies (see Table 1 ).
related to the breakdown of a high ammonium / low From bell-jar data (Fig. 3) SRP fluxes appear to be oxygen concentration stagnant layer. This would be unaffected by the increase in stirring (without sediachieved at a low level of stirring (bell-jar 2) and would ment resuspension). This suggests that SRP fluxes explain the almost invariant values of oxygen uptake under stagnant conditions are not Limited by the (at Stn 1) and ammonium release (at Stns 1 & 3) found appearance of a layer with high SRP concentrations following the subsequent increases in water stirring over the sediment. In contrast, the increase found in (bell-jars 3 & 4). The steady increase in oxygen uptake found at Stn 3 can be related to its high metabolism, as in these experiments. Taking the experimental condiwas shown by the high values of oxygen uptake detertions into account, heterotrophic organisms could mined. Anaerobic metabolism was probably high, contribute to a great extent in the biological SRPdetermining the migration of chemically reduced uptake, since their growth could be enhanced by the compounds from the sediment to the water and the high organic carbon concentrations that follow the redepletion of oxygen in the benthos. In these conditions, suspension of sediments (Hamilton & Mitchell 1987) . the increase in oxygen concentrations in the bottom In fact, primary production of microphytobenthos in water after an increase stirring can cause an increase these sediments accounts for about 45 mg C m-2 d-' in oxidation and/or the respiration of benthic organ- (Delgado 1989) . Bacterial production for a 1 cm layer ism, thus determining an increase in the overall of sediment was between 200 and 350 mg C m-' d-l, sediment oxygen uptake (Davies 1975, Boynton et al. calculated from data of I3H]thymidine incorporation 1981).
(0.09 nmol g dw-' h-' in the muddy organic rich The decrease in oxygen uptake and ammonium sediments of Alfacs Bay; Mallo et al. 1993 ) converted release under stagnant conditions agrees with that into cells and carbon units by applying the factors found in other studies, which has been interpreted as being due to the effect of the stagnant benthic boundary layer in diminishing a b the sediment-water diffusive fluxes, based on concentration gradients (Morse 1974 , Jsrgensen & Revsbech 1985 , Hall et al. 1989 , sediment in the bell-jar experiments.
S R P l o g ( t i m e )
It has generally been accepted that desorption of SRP from sediment surfaces is the 7 1 . main process responsible for the increase in peaks observed in the non-P-added resuspended experiments (Figs. 4 & 5) . Moreover. the succession of SRP peaks observed and their attenuation over time suggests some controlling mechanism. To search for the kinetics of the SRP exchanges, data on Padded experiments were used following the same approximation as that explained in the numerical transforms section.
Kinetic approach
To study the kinetics of SRP withdrawal from solution, uptake-rates versus SRP concentrations were pictured from data on Padded experiments (Fig. ?a) . Linear regressions of uptake rates to SRP concentrations were found (Table 2) . Equivalent line slopes between replicates, excluding 1 case that was omitted from mean computations (see Table 2 ), and different slopes between experimental conditions (p < 0.01) were obtained. Otherwise, intercept values are aData excluded from mean computations not significant. Nevertheless, averaged intercepts (SRP exchanges when SRP concentrations equal zero, S R P -~~U X~~~,~) and Table 3 . Equilibrium phosphate concentration, EPC (SRP concentrations 'Oncentrations that determine net at null net exchange rates, as PM). S R P -~I U X~~~.~ (SRP release from the exchange rates (referred to as EPC values, sediment when SRP concentrations in the water are equal to zero, as see numerical transform section) were compm01 m-Z h-'), and instantaneous SRP-adsorption (as mm01 m-2 h-'), puted from the linear equations to allow computed from data on P-added experiments for comparisons between experimental and field data (Table 3) . .7-7.3 after the start of the incubations. Both values clearly compare with the SRP concentrations more frequently found in the Bay, where 1.5 X 1018 cells mol-' (Bell & Ahlgren 198?) , and 1.2 X 45% of observations over a year were equal to or lower 10-l3 (Watson et al. 1977 ) and 2.2 X 10-l3 g C pm-3 than 0.1 pM (Vidal 1991) . According to regression (Bratbak & Dundas 1984) , considering a cell volume equations (Table Za) , below 0.1 pM sediments release of 0.1 pm3 (Bell & Ahlgren 1987) . SRP decay from SRP at a rate lower than 3.5 pm01 m-' h-'. SRP release gently stirred P-added sediments could support a from the sediment was from 0.12 to 0.84 pm01 m-2 h-' carbon assimilation of 933 mg m-' d-l, calculated at Stn 5, and from 0.14 to 0.35 pm01 m-* h-' at Stn 1 from a n initial concentration of 4 pM in the experi- (Vidal 1991 , computed from Fick's first law of diffusion ments and the 17 h half-life. From these data it to SRP pore water profiles). These values are comparaappears that bacterial uptake could contribute 21 to ble to those calculated for the gently stirred corers 38% of the SRP decay in gently stirred conditions, in from the linear equations, supposing SRP concentraagreement with that found by other authors (see tions in the water are null (between 0.5 and 0.8 pm01 Gachter et al. 1988) .
m-' h-' Table 3 ). The combined effect of SRP desorption from sediSuspension of particles increases EPC values in both ment surfaces and the subsequent rapid SRP uptake P-added resuspended sediment corers and particle determines short-term SRP pulses upon episodic sedisuspensions (Table 3) non-P-added ones (Fig. 4) , and close SRP values are achieved in both P-added and non-P-added resuspended corers (0.2 to 0.6 PM). This means that, besides increasing SRP uptake rates (Table l ) , suspension of particles has the net effect of enhancing SRP availability in the water. Higher EPC values in particle suspensions (Table 3) can be related to the saturation of adsorption sites (De Kanel & Morse 1978 , Crosby et al. 1984 , Bolan et al. 1985 , while more particle surfaces and a segment of the sediment column are involved in experiments with sediment corers. When comparing experimental and field data for resuspension conditions, agreement was also found between values of SRP release computed for null SRP concentrations in the water (from data on P-added corers, Table 3 ) and values obtained from resuspended bell-jars incubated in the field (10 and 42 to 140 pm01 SRP m-' h-' for Stns 1 & 3, respectively; Fig. 3 ). Fig. 8 shows SRP uptake rates from non-P-added resuspended corers plotted against SRP concentrations. A significant (p < 0.01) linear relationship was also found (Table 2a ). The EPC obtained (0.17 pM) was comparable to EPC values from P-added experiments (in resuspension conditions; Table 3 ), while slope was greater. The linear equation describes kinetics in the low SRP concentration range, indicating that SRP uptake goes faster near equilibrium SRP concentrations, as has been stated by Froelich (1988) .
Phosphate dynamics in Alfacs Bay
The relationship between SRP solid-solution exchanges and SRP concentrations in solution shown for Alfacs Bay sediments agrees with that found in other studies, which has been described in the scope of a phosphate buffer mechanism of widespread occurrence in natural waters. This mechanism is interpreted as the influence of sediments, whether benthic or suspended, in controlling the dissolved reactive phosphate concentrations in the water at some near constant value regardless of biological removal and input reactions (Carnt & Goodgal 1954 , Pomeroy et al. 1965 , Edmond et al. 1985 , Fox et al. 1985 , 1986 , Pilson 1985 , Froelich 1988 , Fox 1989 .
Data presented here can be explained in terms of a phosphate buffer mechanism acting in Alfacs Bay sediments. Agreement between experimental and field data validates experimental results and gives support to this hypothesis. Otherwise, this mechanism helps to explain relevant aspects of phosphorus behaviour, especially those occurring in resuspension conditions. In such circun~stances, fast SRP changes can be related to sorption/desorption reactions (Holdren & Armstrong 1980 , De Groot 1981 , Peters & Cattaneo 1984 , Hamilton & Mitchell 1987 , Bostrom et al. 1988 ). According to Froelich (1988) , delivery of sediment particles, kept in contact with interstitial solution, to a lower SRP solution determines that solids release phosphate for a short time (solid surface re-equilibrates with bulk solution), and then begin to take it up again (readjust to SRP concentration higher than equilibrium values). This mechanism explains the pattern of SRP concentration changes found in non-P-added experiments, in which SRP peaks and troughs alternate until equilibrium values are attained (Figs. 4 & 5) . Continuous feeding of solution with new particles, from the sedimentary pool, could partly account for the fast SRP shifts in non-P-added resuspended corers, but not in particle suspensions, in which a fixed amount of solids was initially put into solution, so that adsorption/desorption processes onto particles provide a more realistic and general explanation to the observed pattern. Further, this mechanism could help to explain why sediment resuspension favours SRP release in some instances, while in others it seems to produce the opposite effect (Rippey 1977 , Holdren & Armstrong 1980 , De Groot 1981 . The closeness to EPC values (sensu Froelich 1988) in non-P-added experiments accounts for the fluctuating fast behaviour, in contrast to P-added experiments in which a net sorption reaction prevails, because particles equilibrate with high SRP concentrations, near to interstitial values (from Vidal 1991) and far from equilibrium values. This environment allows the second-step of the sorption reaction to take place, through the slow penetration inside the particles, by solid-state diffusion, of the SRP firstly adsorbed on surfaces (Froelich 1988 , Fox 1989 , so that more SRP can be taken up from solution to adsorption sites.
The phosphorus dynamics described for Alfacs Bay compels us to treat nitrogen and phosphorus budgets in a different perspective, because the significance of the external inputs can be different for each one. Sediment ammonium release supplies nearly 80 % of the phytoplankton requirements in Alfacs Bay, which, added to freshwater inputs, balances the whole nutntional need. The same argument for phosphorus suggests that inputs and requirements are unbalanced, since the SRP release from sediments added to the allochthonous inputs do not meet phosphorus requirements, and, hence that phosphorus is the primary limiting nutrient in this waters (Vidal 1991) . The sediment control on SRP availability, as supported by this study, modifies those assertions, as long as sediments could counteract any SRP deficiency, provided some time lag for equilibration. Otherwise, the adsorption of a part of the SRP entering with the inflowing freshwater on the sediments (C,,,:P = 62 and N:P = 8 in the sediment of the nearest to discharge channel station; Vidal1991) implies that the SRP input does not account actually for the budget but instead it becomes a part of the sedimentary pool. As a consequence, the question of the nutrient limitation in Alfacs Bay does not have a single answer, but can be considered a changing feature of the system (Vidal & Duarte unpubl. data), into which atmospheric-hydrodynamical forces moving sediment resuspension could play a key role.
The adsorption capacity of Alfacs Bay sediments is of great importance for ecosystem management, since freshwater slides on a shallow platform, of less than 1.5 m depth, when coming into the bay. Sediments contribute to reduce the high SRP concentration, between 1 and 4 PM, characteristic of freshwater channels, to values below 0.2 PM, thus acting as an effective regulatory mechanism, whose effectiveness depends on hydrodynamical conditions (see instantaneous adsorption speed in Table 3, computed from  Fig. 7 plots and Table 2b parameters).
The role of sediments in periodic storage of nutrients, coupled to hydrodynamic conditions, has also been pointed out for ammonium (Vidal 1991) , although in this case ammonium accumulates in the dissolved pore water pool, and therefore, is more loosely bound to sediment than is phosphorus. The second step of SRP diffusion into particles makes the whole adsorption process partly irreversible (Barrow 1983) , so that a fraction of phosphorus is ultimately lost into the sediment, which therefore acts as a phosphorus sink. Enhancement of SRP availability in the water relies on intermittent SRP desorption tied to sediment disturbances. To what extent phytoplankton take advantage of t h s episodic phenomena depends on their ability to quickly take SRP up and on the degree in which environmental stress allows for the survival of phytoplankton populations.
